People of South Asian, African-Caribbean and Irish ethnicity are known to have worse cardiovascular outcomes than those from the white British group. Whilst the reasons underpinning this are complex, the effect of hypertension is both significant and modifiable. In recent years there has been increasing interest in and uptake of "out-of-office" methods for blood pressure (BP) monitoring. However, guidance in this area has been largely based on research amongst the white population. This study aims to answer the following questions:
1. How often and in what ways does BP monitoring occur and how does this differ between white and the above minority ethnic populations.
2. Are the thresholds for diagnosis of hypertension, and treatment targets in hypertension comparable for white British and minority ethnic populations using different measurement modalities: office blood pressure, ambulatory BP monitoring and home monitoring?
3. What preferences for BP measurement do people from white and minority ethnic populations have?
Methods and analysis
A mixed methods approach will be used including the following:
1. A postal survey sent to 8,000 hypertensive and not-known-to-be-hypertensive people from all four ethnic groups will determine current patterns of BP monitoring.
2.
A validation study will compare BP measurement by ambulatory monitoring with office standard measurement, office research measurement, and home monitoring in 200 people from each of the ethnic groups concerned.
3. Focus groups organised by ethnicity and gender will gather qualitative data regarding patient preferences for and experiences of BP measurement in each of the given modalities.
The data collected from these phases will be analysed appropriately in order to answer the above research questions.
Ethics and Dissemination
Ethical approval has been gained from the Black Country Research Ethics Committee: Ref 09/H1202/114. The results of this work will be disseminated via journal publication and conference presentation. Cardiovascular outcomes for people of South Asian, African-Caribbean and white Irish origin living in the UK are worse than those for the white British group (1) (2) . For example, South Asians have a 40-50% greater risk of mortality from coronary heart disease (CHD) compared to the general population (3) (4) with evidence that the poorest groups of Pakistanis and Bangladeshis have the highest mortalityrates. (2) (5) (6) The mortality of migrant Caribbeans from CHD is lower than the national average but stroke deaths are higher (in women by 57%, men 24%), with hypertension (HT) being the major associated risk factor. (2) Furthermore, data available suggests that the mortality of UK-born Caribbeans is little better than for those who have migrated from their homeland. (7) Similarly, the Irish living in Britain experience higher mortality from both CHD (in women by 20%, men 24%) and strokes (in women by 23%, men by 38%). (8) Little is known about CHD and stroke mortality among UK-born Irish people, but one study reported an increase of 51% in cardiovascular mortality for men with Irish names living in Scotland . (9) This increase in cardiovascular risk in ethnic groups is probably due to an interplay of complex factors including genetics, lifestyle (i.e. smoking habits, diet, barriers to health care) and deprivation. (7) Hypertension remains a significant and potentially treatable risk factor in all ethnic groups. For example, in a Bangladeshi population with type 2 diabetes one study found a prevalence of 23.2% for systolic hypertension. (10) There is also evidence that hypertension may go undetected and under treated in minority ethnic groups. Cappuccio, et al. found a 2-3 fold increase in hypertension in South Asians and Caribbeans; only 49% of those with hypertension had adequate control; 18% were undiagnosed before the survey and 17% were not receiving medication. (11) 
Blood Pressure Monitoring
Increased availability of various automated devices has encouraged individuals to monitor their blood pressure at home. The use of ambulatory blood pressure monitoring (ABPM) has also led to a realisation that multiple readings may improve accuracy of diagnosis. In general, both ABPM and home monitoring may help to improve treatment, (12) (13) identify resistant HT, (14) diagnose white coat HT (15) (16) (17) and predict cardiovascular outcomes. (18) (20) ABPM is the only method that can identify reduced night time dipping which is a poor prognostic indicator. (21) The definitive diagnosis of white-coat HT by means of ABPM may ultimately improve health outcomes and reduce health care costs. (20) Few studies of blood pressure monitoring undertaken over the last 20 years have included people from South Asian, African-Caribbean or white Irish populations with the result that very little is known about comparative measurements including self monitoring. For instance, it is not clear whether the "white coat" effect seen in white British populations is similar, greater or less amongst these minority ethnic communities. Nor is it known whether observed differences between office and home measurements amongst the white group are similar or different in South Asian or African-Caribbean populations.
Diagnosis and management of blood pressure
The diagnosis and management of blood pressure are informed by guidelines largely based on research from white populations. (10) (22) These guidelines recommend diagnostic and treatment thresholds for hypertension on the basis of office blood pressure and 24 hour ABPM or home blood pressure monitoring. Indeed, the recent NICE guidance for the management of hypertension (10) uses factors to adjust between clinic and "out-of-office" thresholds for diagnosis that were derived from Australian data gathered in a population that was 82% white and 15% Asian (23) . These factors are a decrease of 5/5mmHg when converting from clinic to -out-of-office measured blood pressures at lower levels (stage 1 threshold) and a corresponding decrease of 10/5mmHg at higher levels (stage 2 threshold). At present, ethnicity is not considered in the specification of these thresholds, treatment targets or adjustment factors.
Purpose
The BP-Eth study will consider the accuracy and acceptability of home, ABPM and clinic readings in minority ethnic populations in relation to the white British group. It will then assess whether current diagnostic thresholds and treatment targets for different modalities of measurement are appropriate in these ethnic groups. 
Methods

Overview of methods
BP-Eth is a primary care-based mixed methods observational study involving both quantitative and qualitative elements.
The study has three phases:
Phase 1 -postal cross sectional survey Phase 2 -validation study Phase 3 -focus group study
Population
The study population will comprise people both with and without diagnosed hypertension recruited from primary care. Eligibility criteria will be age between 40-74 years and belonging to one of the four ethnic groups under investigation (white British, white Irish, South Asian, African-Caribbean). Patients who are unable to consent to participation, belong to a different ethnic group or who's GP feels they are unable to take part will be excluded . Participants will need to have had at least one blood pressure recorded in their electronic medical records within the last 5 years.
Setting
Patients will be identified from practices who are members of the Central England Primary Care Research Network (PCRN-CE). This includes around 300 practices in the West Midlands which have been shown to be generalisable to wider primary care (24) . Approximately 20 practices will be recruited to participate in this study.
Phase 1 Postal Cross Sectional Survey Procedures
A cross sectional survey of 8,000 people including representative samples of both hypertensive (HT) and not known to be hypertensive (NHT) individuals from the four ethnic groups under consideration will elucidate current blood pressure monitoring patterns (self, third party e.g. pharmacy etc, health professional), confirm ethnic group and identify participants for the validation study. This postal questionnaire will be sent to approximately 4,000 people with a Read Code of hypertension in their electronic medical notes and 4,000 with no such Read Code. A list of eligible participants from each practice will be generated from the criteria specified above. An equal number of participants with and without hypertension will be randomly selected to receive the survey. Practices will be chosen from areas likely to include appropriate populations based on ward level census data and personal knowledge of the investigators. The survey questionnaire will be accompanied by a covering letter translated into the relevant languages, with telephone follow-up of non-responders by a bilingual researcher. Responses will be entered into a secure database.
Outcome Measures
The primary outcome measure will be prevalence of self, professional (practice, pharmacy, outpatient) and ambulatory monitoring over the last 12 months in each ethnic group. Secondary outcomes will include preferences for different types of monitoring.
Sample Size Considerations
Phase 1 questionnaires will be sent to a random sample of 8000 people (see above). A 50% response rate (realistic in this population from previous work) would result in 4000 responses. It is anticipated that a proportion of responses will fall outside of the four ethnic groups being studied hence further questionnaires will be sent as required (up to 10000) in order to receive responses from 1000 individuals in each ethnic group under consideration, half of which will have hypertension and half will not . This will allow estimation of the overall prevalence of the different types of monitoring with and without hypertension to within 2.7% assuming a 10% prevalence of monitoring in each case (the approximate community prevalence of self monitoring in a white population). (25)
Analysis
The overall prevalence of blood pressure monitoring will first be estimated. Thereafter, the variation in its prevalence by ethnic group, age, sex, employment status and deprivation will be explored using logistic regression models which may also incorporate a random effects term for general practices.
Phase 2 Validation Study
Procedures Phase 2 is a validation study comparing blood pressure monitored in a clinic setting with ambulatory and home measurements. Participants in this phase will be asked to measure their blood pressure using all 3 of these methods. Recruitment will be from those responding to phase 1 who indicate a willingness to participate in phase 2. Such individuals will then be invited to attend clinics run at their own practices. Blood pressure measurements and study questionnaires will be undertaken along with training regarding both ambulatory and home monitoring. Figure 1 shows how patients move through the various different methods included in this phase whilst table 1 shows the data that will be collected as a result. The order of out-of-office blood pressure measurement (home or ambulatory) will be randomised so that approximately equal numbers of individuals will have home or ambulatory first. People with and without hypertension will be invited to undertake Phase 2 so that approximately equal proportions of each are included. Upon completion of this phase, participants will be asked whether they would be willing to take part in Phase 3.
Outcome Measures
The primary outcome will be the mean difference between the reference standard (mean daytime ambulatory blood pressure) and standard office (mean of second and third readings on three occasions), mean home monitored BP (last 24 readings), office research (mean of second to sixth readings on three occasions) and the last routine practice blood pressure recorded in the clinical records. Each different ethnic group will be considered separately with sub groups of those treated for hypertension and not receiving treatment. The effect of these differences on standard diagnostic and treatment target thresholds will be evaluated (ie 140/90 mmHg for clinic readings and 135/85mmHg for out of office measurement at the stage 1 threshold and the equivalents at the stage 2 threshold) (11) Sample Size Considerations 100 patients with and without hypertension will be recruited from each ethnic group. Based on previous work in a white population, 200 patients per ethnic group i.e. 800 people in total, will be sufficient to detect a difference of 5mmHg in mean differences between any two populations (this is sufficient across the plausible range of standard deviations between 12-18 mmHg, power 80%). Differences of less than 5 mmHg are unlikely to be clinically significant given the day-to-day variation of blood pressure within individuals. A further 5% approximately will be recruited as required to account for drop outs or equipment malfunction.
Analysis
Between groups, t tests will be used to compare mean differences in ambulatory vs. office, home monitored and routine blood pressures between white British, South Asian, African-Caribbean, white Irish populations separately for people with a diagnosis of hypertension, and for people without a prior diagnosis of hypertension (ambulatory used as reference standard). Since we are interested in the differences between each minority ethnic group and the white British group, each comparison is of interest and will be dealt with individually. Thus no adjustment for multiple comparisons is required. Within groups, repeated measures General Linear Modelling (GLM) and mixed effects models will be used to evaluate differences between the different methods of measurement and routinely collected BP data with post hoc tests where significant differences are found. Baseline covariates will be examined for similar age/gender/ blood pressure distribution and adjustment will be incorporated in the analysis where necessary. Differences will be investigated to assess any relationship to the level of blood pressure. A significance level of p<0.05 will be used and sensitivity analysis will examine the potential effect of missing data. Analyses will be 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 performed at the end of the study after all data has been collected. No interim analysis will be performed as this is an observational study. Planned sub group analyses will be undertaken for diabetic vs. non diabetic patients, older vs. younger (65 as threshold), males vs. females, higher vs. lower blood pressure (threshold 150 systolic).
Phase 3 Focus group Study
Procedures Focus groups comprising participants who have completed Phases 1 and 2 will consider patient preferences for and experiences of blood pressure measurement in each of the three ways included in the study. Eight groups will be organised according to gender and ethnicity. The former is necessary in order to achieve the research objectives. Meanwhile, it is well known that males and females may interact differently in mixed-gender as opposed to samegender groups (26) . It is therefore anticipated that organising by gender will enabled a more liberal exchange of views across all ethnicities. It is also hoped that each group will comprise an adequate mix of HT and NHT patients. However, given the difficulties of gathering the requisite number of participants (see below) with the same gender and ethnicity at a given time and location, recruitment will be independent of hypertensive status. Whilst each group will be held at a participating practice, participants may be drawn from many different practices: however, they will all have finished phase 2 within the last 6 months (any longer than this may result in recall issues). Each group will be facilitated by a researcher according to a topic guide which will comprise a pre-determined set of questions developed by the study steering group. Each session will be recorded, whilst a co-researcher will also attend to make a note of the opening words used by each participant in order to enable identification later on. Interviews will be transcribed verbatim for analysis. It is envisaged that each focus group will be conducted in English. However, if it emerges that the South Asian participants agreeing to attend the group would like to converse in an alternative language then this will be arranged through the recruitment of a facilitator with the appropriate linguistic skills, and subsequent translation of the corresponding transcript back into English.
Outcome Measures
This phase of the study will explore preferences for and acceptability of different modalities of blood pressure measurement by ethnic group.
Sample Size Considerations
Eight focus groups will be organised according to ethnicity and gender. Research suggests an optimal focus group size of between 5 to 10 participants (27) . The proposed group size here is between 6-8 individuals in order to capture a variety of views in response to each question on the topic guide within a 1.5 hour time frame. Given likely attrition rates of around 20% (28), 10 participants will be recruited to each of the focus groups in order to achieve the target size.
Analysis
A "thematic" approach will be used in the analysis of the focus group transcripts. This is ideally suited to identifying the ideas and relationships that underpin preferences for each modality of BP (29). Here, textual data in transcripts will be grouped into meaningful categories ("themes") in order to represent a range of attitudes and ideas along with otherwise unarticulated social values (30). As new transcripts are produced for later focus groups the themes may be revised. Each coded transcript will then be passed to a second researcher for triangulation purposes. The purpose of the analysis is to compare themes within, between and across ethnicities: a matrix will be constructed in order to facilitate this. Patterns and trends will then be identified and their basis considered. Where relevant, the interaction between participants will be analysed in order to ascertain how knowledge is constructed within the group setting. Here, an analytical template proposed by Lehoux et al. (31) will be used.
Recruitment
Twenty practices with mean list sizes of 5000 adult patients (lower than usual list sizes to reflect the typical practice sizes seen in majority ethnic population areas such as the inner city) and a conservative prevalence of hypertension of 10% will result in a potential sample of at least 10000 patients with hypertension and many times this number without. This will be sufficient for the invitations needed for phase 1 and respondents will subsequently be recruited into phases 2 and 3. Further practices may be required later on to ensure an adequate mix of ethnicities.
Staff Training
All staff involved in the study will undergo training given by the lead research nurse in order to ensure a consistent approach. Work instructions detailing the procedures to be followed in each of the different phases will be made available. These will describe the action to be taken in the instance of unusually high or low readings, a significant inter-arm difference and severe bruising/allergy from use of a blood pressure cuff.
Ethics and dissemination
Ethical approval has been gained from the Black Country Research Ethics Committee: Ref 09/H1202/114. The results of this work will be disseminated via journal publication, conference presentation and feedback to participating practices.
Discussion
The results of this study will be relevant to UK primary care as information about norms and preferences for ambulatory and self monitoring in minority ethnic groups is vital to allow optimum care to be provided both in the diagnosis and management of hypertension. Determining the relationship between home/ambulatory blood pressure monitoring and standard office readings in each ethnic group will allow consideration to be made of whether the current thresholds for diagnosis of hypertension, and treatment targets in hypertension, are universally appropriate. Furthermore, it will also enable adjustment factors between different methods of blood pressure measurement to be derived for each ethnic group.
Contributorship
RJM and UM had the original idea for this work and gained funding in collaboration with PG, JM, SG, JC and MM. SW wrote the first draft of this paper and all authors subsequently assisted in redrafting and have approved the final version. RJM will act as guarantor. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 People of South Asian, African-Caribbean and Irish ethnicity are known to have worse cardiovascular outcomes than those from the white British group. Whilst the reasons underpinning this are complex, the effect of hypertension is both significant and modifiable. In recent years there has been increasing interest in and uptake of "out-of-office" methods for blood pressure (BP) monitoring. However, guidance in this area has been largely based on research amongst the white population. This study aims to answer the following questions:
Methods and Analysis
2.
Ethics and Dissemination
Ethical approval has been gained from the Black Country Research Ethics Committee: Ref 09/H1202/114. The results of this work will be disseminated via journal publication and conference presentation. (6) The mortality of migrant Caribbeans from CHD is lower than the national average but stroke deaths are higher (in women by 57%, men 24%), with hypertension (HT) being the major associated risk factor. (2) Furthermore, data available suggests that the mortality of UK-born Caribbeans is little better than for those who have migrated from their homeland. (7) Similarly, the Irish living in Britain experience higher mortality from both CHD (in women by 20%, men 24%) and strokes (in women by 23%, men by 38%). (8) Little is known about CHD and stroke mortality among UK-born Irish people, but one study reported an increase of 51% in cardiovascular mortality for men with Irish names living in Scotland . (9) This increase in cardiovascular risk in ethnic groups is probably due to an interplay of complex factors including genetics, lifestyle (i.e. smoking habits, diet, barriers to health care) and deprivation. (7) Hypertension remains a significant and potentially treatable risk factor in all ethnic groups. For example, in a Bangladeshi population with type 2 diabetes one study found a prevalence of 23.2% for systolic hypertension. (10) There is also evidence that hypertension may go undetected and under treated in minority ethnic groups. Cappuccio, et al. found a 2-3 fold increase in hypertension in South Asians and Caribbeans; only 49% of those with hypertension had adequate control; 18% were undiagnosed before the survey and 17% were not receiving medication. (11)
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Blood Pressure Monitoring
Increased availability of various automated devices has encouraged individuals to monitor their blood pressure at home. The use of ambulatory blood pressure monitoring (ABPM) has also led to a realisation that multiple readings may improve accuracy of diagnosis. In general, both ABPM and home monitoring may help to improve treatment, Few studies of blood pressure monitoring undertaken over the last 20 years have included people from South Asian, African-Caribbean or white Irish populations with the result that very little is known about comparative measurements including self monitoring. For instance, it is not clear whether the "white coat" effect seen in white British populations is similar, greater or less amongst these minority ethnic communities. Nor is it known whether observed differences between office and home measurements amongst the white group are similar or different in South Asian or African-Caribbean populations.
Diagnosis and management of blood pressure
Purpose
Population
The study population will comprise people both with and without diagnosed hypertension recruited from primary care. Eligibility criteria will be age between 40-74 years and belonging to one of the four ethnic groups under investigation (white British, white Irish, South Asian, African-Caribbean). Ethnic group will be self-assigned using standard census categories. Patients who are unable to consent to participation, belong to a different ethnic group or whose GP feels they are unable to take part will be excluded. Participants will need to have had at least one blood pressure recorded in their electronic medical records within the last 5 years.
Setting
Phase 1 Postal Cross Sectional Survey Procedures
A cross sectional survey of 8,000 people including representative samples of both hypertensive (HT) and not known to be hypertensive (NHT) individuals from the four ethnic groups under consideration will elucidate current blood pressure monitoring patterns (self, third party e.g. pharmacy etc, health professional), confirm ethnic group and identify participants for the validation study. This postal questionnaire will be sent to approximately 4,000 people with a Read Code of hypertension in their electronic medical notes and 4,000 with no such Read Code. A list of potentially eligible participants from each practice will be generated by electronic search using the criteria specified above. Participants with and without hypertension will be invited to receive the survey: a list of potential participants generated from the electronic search will be ordered randomly and chosen in list order. GPs will check the lists prior to invitation to exclude unsuitable patients prior to invitation. Practices will be chosen from areas likely to include appropriate populations based on ward level census data and personal knowledge of the investigators. As the study progresses, practices and ethnic groups within those practices will be targeted with the aim of ensuring that the survey has been sent to approximately equal numbers of patients from the four different ethnic groups under consideration. The survey questionnaire will be accompanied by a covering letter translated into the relevant languages, with telephone follow-up of non-responders by a bilingual researcher. Responses will be entered into a secure database.
Outcome Measures
The primary outcome measure will be prevalence of self, professional (practice, pharmacy, outpatient) and ambulatory monitoring over the last 12 months in each ethnic group. Secondary outcomes will include preferences for different types of monitoring. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Sample Size Considerations
Analysis
Phase 2 Validation Study
Outcome Measures
The primary outcome will be the mean difference between the reference standard (mean daytime ambulatory blood pressure) and standard office (mean of second and third readings on three occasions), mean home monitored BP (last 24 readings), office research (mean of second to sixth readings on three occasions) and the last routine practice blood pressure recorded in the clinical records. Each different ethnic group will be considered separately with sub groups of those treated for hypertension and not receiving treatment. The effect of these differences on standard diagnostic and treatment target thresholds will be evaluated (ie 140/90 mmHg for clinic readings and 135/85mmHg for out of office measurement at the stage 1 threshold and the equivalents at the stage 2 threshold) (11)
Sample Size Considerations 100 patients with and without hypertension will be recruited from each ethnic group. Based on previous work in a white population, 200 patients per ethnic group i.e. 800 people in total, will be sufficient to detect a difference of 5mmHg in mean differences between any two populations (this is sufficient across the plausible range of standard deviations between 12-18 mmHg, power 80%). Differences of less than 5 mmHg are unlikely to be clinically significant given the day-to-day variation of blood pressure within individuals. A further 5% approximately will be recruited as required to account for drop outs or equipment malfunction.
Analysis
Between groups, t tests will be used to compare mean differences in ambulatory vs. office, home monitored and routine blood pressures between white British, South Asian, African-Caribbean, white Irish populations separately for people with a diagnosis of hypertension, and for people without a prior diagnosis of hypertension (ambulatory used as reference standard). Since we are interested in the differences between each minority ethnic group and the white British group, each comparison is of interest and will be dealt with individually. Thus no adjustment for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 multiple comparisons is required. Within groups, repeated measures General Linear Modelling (GLM) and mixed effects models will be used to evaluate differences between the different methods of measurement and routinely collected BP data with post hoc tests where significant differences are found. Baseline covariates will be examined for similar age/gender/ blood pressure distribution and adjustment will be incorporated in the analysis where necessary. Differences will be investigated to assess any relationship to the level of blood pressure. A significance level of p<0.05 will be used and sensitivity analysis will examine the potential effect of missing data. Analyses will be performed at the end of the study after all data has been collected. No interim analysis will be performed as this is an observational study. Planned sub group analyses will be undertaken for diabetic vs. non diabetic patients, older vs. younger (65 as threshold), males vs. females, higher vs. lower blood pressure (threshold 150 systolic).
Phase 3 Focus group Study
Outcome Measures
Sample Size Considerations
Analysis
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